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A method of fotming a polymer layer on a support surface 
by the use of a coating agent and polymerizable compounds. 
The coating agent provides photoreactive groups adapted to 
attach the agent to the surface, as well as photoreactive 
groups adapted to remain unattached to the surface, and thus 
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provided are coating agients, per se, as well as a method of 
using such agents and the resultant surfaces and devices 
fabricated therefiom. 
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systems, thereby often limiling their usefdiness in hydto- 
pMlic applicaiions. 

U,S. Pat. No. 5,714,360, also commonly owned by the 
assignee of the invention herein described (and incorporated 
; herein by reference), describes a chemical linking agent 
np. . f ■ ^- J? J , • comprising a di- or higher functional photoactivatable 
The present apphcatioi, k a continuation of and claim^ cha^d expound. The ImMng agent provides at least one 
pnonjy to International Apphcation No^ PCTAJS99/21247 ^^^^ -/^^^^^ ^^^^^ the conditions of use, in order to 
^bl^hed as toemauonal I^blication No WO 01/2132^, J^e improved water solubility, and two or more photo- 
filed Sep. 22, 1999 and desigpatmg the Umted States, the ^icivatable groups in order to allow the agent to be used as 
entire disclostire of which IS incorporated herem by refer- ^ Hnking agent in aqueous systems In a preferred 

embodiment, the charged groups include, but are not limited 

TECHNICAL FIELD ^^^^ organic acids (such as sulfonate, phosphonate, 
and carboxylate groups), onium compounds (such as qua- 

The present invention relates to chemical and/or physical jj ternary ammonium, sulfonium, and phosphonium groups), 

modification of the surface properties of industrially and and protonated amines, as well as combinations thereof. The 

medically important substrates. In another aspect, the photoreactive groups can be provided by two or more 

present invention relates to the modification of surface radicals of an aryl ketone such as benzophenone. 

properties for such purposes as providing surfaces with On a separate subject, common methods of attaching a 

desired characteristics, such as hydrophflicity, lubricity, polymer to a support surface include the attachment of a 

durability, and uniformity of thickness. In this aspect, the ^ preformed polymer to a surface, and grafting a polymer to 

invention relates to sudi surface modification techniques as a surface. For instance, Tazuke et al. discuss the modiiica- 

chemical derivatization and photoinitiatcd polymerizalion. tion of polymer surfaces by the use of a grafting technique 

that involves treating a base polymer (e.g., polypropylene) 

BACKGROUND OF THE INVENTION with a reacting solution that contains sensitizers (e.g., 

TTie chemical modification of surfeces to achieve desired benzophenone) and a selected polyiner to grafted onto the 

chemicaland/orphysicalcharactetisticshasbeenprcviously ^fL'nf'^ftn "^".l^.'T^'"^^^^^ 

described. For example, U.S. Pat. Nos. 4,722,906; 4,^3, l^Jt'T^^f: Ir^'^^'hi^^ sZT« 1 2^ 3^1' 

493; 4,979,959; 5,002,582; and 5,512,329 (each of which is "t Polymers, ACS Symposium Series 121 American 

commonly owned by the assignee of the invention described ^"emicai society, i y»u. 

herein, and the disclosure of each is incorporated herein by ^ another subject, polymeric pholosensitizers for inili- 
reference), relate to surface modification by the use of latent "''"S polymerization have been described. See, for instance, 
reactive groups to achieve covalent coupling of reagents "Radical Polymerization," C. H. Bamford, pp. 940-957 in 
such as biomolecules and synthetic polymers to various Kroschwitz, ed., Concise Encyclopedia of Polymer Science 
subsliatfis. The preferred latent reactive group is typically """^ Engineering, 1990, In the subsection entitled "Photo- 
described as a photochemically reactive functional group 35 sensitized Initiation: Polymeric Photosensitizers and 
("photoreactive group"). When ejqiosed to an appropriate Photoinitiators," the author states that "[p]oIymeric photo- 
energy source, a photoreactive group undergoes a transfor- sensitizers and photouiiliators have been described. Many of 
mation from an inactive state (i.e., ground state) to a leactive ^^^e are polymers based on benzophenone, e.g., poly(ip- 
intermediate capable of fonning covalent bonds with appro- divinylbenzophenone) (DVBP). Such rigid polymers are 
priate materials. 40 reported to be effective sensitizers since hydrogen abstrac- 

Cni, ToioT,* u ™j * • * . tion from the backbone by excited benzophenone is less 

firsSSXS^raT^^ likely."I^,her,US,Pat.44.315,998(Ne^kers)describes 

order to then photochemically attadi the derivatized t«^t P° y>^^r-bound photosensitizing catalysts for use in the 

molecule to a Surface. Such a «quential approach is suitable heterogeneous ca alysis of photosensitized chemical reac- 

in many situations, but can lal such atteibutes as speed, 45 ^''"^^"'J,?^^ photo-oxidaUon, photodmierization and pho- 

versatility, and ea4 of use. particukrly when used with p-iy^lo^ddition reactions^The polymer-bound photosensi- 

target molecules that are inherendy difficult to first deriva- ''^^ catalysts are insoluble in water and common organic 

tize%r under conditions that wotUd result in loss of biologi- ^"'"f."'^' '^^^^"^^"^ "° ''f'^y f P^'^'f ,^,7/''' 

cal activity reaction medium and reaction products by simple flltrahon. 

Latent reactive groups can also be used to prepare pho- , ^o the best of Apphcants' knowledge, the art does not 

toactivatableheterdjifiinctionalmokculesasliiidngageate^ there commercial products that mvolve, the 

e.g„ having a photoreactive group at one end or portion with Pf^pa«'ion or use of nonpolymetic coating agents that are 

a thermochendcal attachmenTpSip at another (see, e.g, the Ihf niselves attached to a surface of an article m order to 

above-captioned '582 patent, and U.S. Pat. No. 4,309,453, uutiate photopolymenzaton from the surface. Nor are there 

Reiner et al.). Such linking agents can be used to either „ 8^"^"^^ reagents or methods that can be used to modify 

attach Qonreactive compounds to a surfiice or to prime a ^f^ ^^^'^^ properties as thickness, lubncity, and stability 

relatively inert surface in order to render it reactiw upon °^ "^f"^ ^ controlled fashion. In contrast, there remams 

exposure to suitable actinic radiation. ^ 'f^ "'f '"S agents having mproved water solubdity. 

TTo ivr cA^Ame i , j u and improved versatility in use. Fmally, and in Spite of the 

.J f .h ' i ' , ^'^"ti developments to date, there remains a n^ed for reagents and 

assignee of the presMtmvenlion and iDcoqiorated by ref- ^^thod, that can be used to improve the initiation of 

rScrL^S^'-Sl^^pEcUvE P^^^Poly-ization to grow a polymer from a support 
groups. This patent describes a restrained, multiftincdonal 

reagent usefid for priming a support surface, or for simul- SUMMARY OF THE INVENTION 
taneous apphcation with a target molecule to a support. 

Reagents such as those described above, includii^ those 6S The present invention provides a method of using a 

described in the '075 patent, are generally hydrophobic. As coatmg agent to form a polymer layer on a support surface, 

a result, they are of relatively low solubility in aqueous as well as a method of primii^ a support surface with tiie 
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coating agent itself. The invention also provides a surface polymerization, cm be perfbnned in any suitable manner, 

coated with a polymer layer formed by such a method, as e.g., smmltaneously and/ot sequentially, those skilled in the 

well as a primed support surface coated with the agent itself. relevant art, given the present description, will also appie- 

A primed coating agent, in turn, can serve as a "linking" ciate the manner in which the reaction conditions can be 

agent to covalently or nonco^lently attach a polymer layer optimized to perform the process either simultaneously or 

to the support surface. Further, the invenUon provides a sequentially as desired 

coating system that includes a coating agent and polymer- Th^ ^^^^j photoreactive species of the present 

izabl6groupsasdescnbedherem.aswellasagrDupofnov6l coating agent, independently, can be identical or different. 

coaUng agents. Alternatively, a photoreactive species can be provided in the 

In one aspect, the present invention provides a method of form of a heat activatable group (e.g., an azide group). As 
formmg a polymer layer on a support surface, the method " ^^ed herein, a photoreactive species is a group capable of 

comprismg: being activated to form a covalent bond via hydrogen 

a) providing a support surface; abstraction upon illumination with light of the appropriate 

b) applying to the support surface a coating agent com- wavelength. Such photoreactive species ate preferably also 
prising two or more photoreactive species and one or capable, if unable to abstract a hydrogen, of reverting to an 
more negatively charged groups, the coating agent inactive, or "latent reactive," state. Thus, upon illumination 
selected from; with light of a suitable wavelength, the first photoreactive 
i) a conjugated cyclic diketone having attached thereto, species are those that covalently bind to the support surface 

either directly or indirectly, one or more substituents abstracting a hydrogen from the surface. The second 

comprising negatively charged groups, and wherein photoreactive species, on the other hand, are those that 

each ketone group of the diketone is adapted to serve remam unieacted and thereafter revert to a latent reactive 

as a photoreactive moiety capable of being activated J^^^, second photoreactive species thereby remain 

in order to provide a free radical; and avadable for imtiatmg polymenzation. When the first and 

..^ „ 1 *^ . 1 1 u • u J second photoreactive species are diEEerent, they may, in a 

u) a nonpolymenc core molecule having attached j^^^^ embodiment, be activatable by Ught of different 

thereto, either directly or indirectly one or more wavelengths, such that light of a particular wavelength will 

substituents compr^mg negatively charged grou^, ^^ji^^j^ ^,,4 photoreactive secies but not the iecond, 

and two or more photoreactive species, wherem the ^ vice versa. 

photoreactive species are provided as discrete pho- ■while not intending to be bound by theory, it would 

toreactive groups; appear that a coating agpnt of the present invention tends to 

wherein the photoreactive species include at least one be of a suitable size and structure tn prevent both flist and 
first photoreactive species adapted, when activated in ^° second photoreactive species fiom attaching to a support 

the presence of the support surface, to attach the surface. In turn, whenihe first photoreactive ^cies attaches 

coating agent to the surface, and at least one second to a support surface, the second photoreactive species are 

photoreactive species adapted, when activated in the prevented from also attaching to the support surface as a 

presence of free radical polyraerizable groups, to result of the size of the coating agent and the location of the 

initiate polymerization of those groups, the second photoreactive species on that agent, 

photoreactive species being adapted, in the absence ""^ embodiment, a coatmg agent of this invention 

of such fi«e radical polymerizable groups, to revert &rther comprises one or more optional spaceis that serve to 

to a latent reactive state- attadi a core molecule f™"™T,rUn<r nt,ntr,n.i.r.ri«p 

c) illuminating the agent upon the support surface under ^ Snf^'&mi^' 
conditions suitable to photochemically attach the coat- 
ing agent to the surface by means of the first photote- _o— (CHJ^-^ 
active species, and to allow the second photoreactive 

species to remain unbound to the support surface and to and 
revert to their latent reactive state; 

d) providing a plurality of molecules bearing free radical — <<^H40)»— PjEljO— , 
polymerizable groups; and ^ ^ ^ ^^^^^ g^g^t^^ ^q^^l ^ 

e) lUummatmg the molecules bearing polymerizable about 5, and mis a number greater or equal to 1 and less than 
groups in the presence of the coating ^ent iipon the about 4. 

support surface under conditions suitable to activate the 50 The method of this invention can be performed using 

reverted second photoreactive species of the coating conventional compounds as coating agents, several of which 

ageiit in order to initiate polymerization of the poly- are commerciaUy available, such as anthraquinone and cam- 

merizable groups on the support sur&ce. phorquinone derivatives, e.g., anthraquinone sulfonic acid 

The method according to the present invention provides salt and camphorquinone sulfonic acid salt. Examples of 
improved control of the coating process and reduces or jj suitable compounds of this type include conjugated cyclic 

avoids many of the deficiencies of previous methods, e.g., diketones having attached thereto, either directly or 

low reagpnt solubility, and the effect on Ihe support surface indirectly, one or more substituents comprising negatively 

of such factors as storage history, temperature, and humidity. charged groups, and wherein each ketone group of the 

The present mvention can also be used to reduce the diketone is adapted to serve as a photoreactive moiety 

occurrence of competing polymerization reactions, as capable of being activated in order to provide a free radical, 

between polymerizable groups on the surface and those still In a particularly preferred embodiment, however, certain 

in solution, leading to provide inoreased yield upon the coatu^ agents of the present invention are believed to be 

surface. novel in their own right. In one such embodiment, the 

Various steps of Ihe present method, includii^ illumina- coatmg agent coniprises a cyclic hydrocarbon core, having 

tion to photochemically attach the coating agent to the attached thereto one or more substituents comprising nei^fl- 
surface, as well as providing the molecules bearing poly- 6 
merizable groups, and illumination to activate photoreactive 
groups (e.g., reverted groups) in order to initiate 



to corresponc 

species, the f^acer beu^ selected from radicals with the 
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In any such embodiment, the photoreactive species 
include at least one fiist photoreactive species adapted, when 
activated in the presence of the support surface, to attach the 
coating agent to the surface, and at least one second pho- 
toreactive species adapted, when activated in the presence of 
free radical polymerizable groups, to iniliate polymerization 
of those groups, the second photoTeactive species being 
adapted, in the absence of such free radical polymerizable 
groups, to revert to a latent reactive state. The second 
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photoreactive species, in turn, can be adapted to serve as 
photoinitiators, and particularly as initiatoiB for free radical 
polymerization. The charged groups provide the agent with 
suitable water solubility to allow the agent to be used in 
5 aqueous reaction systems. Particularly preferred coating 
agents include negatively chargpd groups suitable to provide 
improved biocompatabiUty and hemocompatability. 

In a particularly preferred embodiment, the coating agent 
is selected from the compounds listed below: 
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-continued 



benzoylpheiiylmethyleaciKy] 
bcnzene-l-suUbnu acid 




O — tLttt q 




A coating agent of ±e invention has bioad applicability, 
particularly since it can be used in surface modification 
reaction systems where previous agents have not been 
efEective. In particular, the presence of one or more charged 
groups (e.g., salts of sulfonic, carboxylic and phosphoric 
adds) provides the ag^nt with enhanced water solid^ility. 
This, in turn, allows the coating agent to be used in reaction 
systems favoring water soluble agents. A coaling agent of 
the present invention (hereby provides an impTomd combi- 
natian o£ such properties as coating density and structural 
stability, allowing the agent to he used in a broad range of 
reaction systems. 

Moreover, the presence of phototeactive species permits 
the agent to be used with a wide variety of support surfaces. 
The coating agent can be used abne as a ooatiDg composi- 
tion for a support surface, in order lo pcovide a surface 
primed with the coatii^ agent itself. In this embodiment, the 
coatii^ ag^nt provides the surface with desirable properties 
of the coating agent itself, such as, for example, 
antithrombogenicity, lubricity, hemocomopatability, 
wettability/hydiophilicity, durability of attachment to the 
surface, biocompatability, and bacterial adhesion. 
Alternatively, the coating agent can be used to form a 
polymer layer upon the support surface. In the latter 
instance, the coating agent serves as a "linking" agent to 
covalently or noncovalently attach the polymer layer to the 
support surface. 

In another aspect, the present invention provides a coating 
system comprising: 

1) a coating agent as described herein, and 

2) a plurality of molecules bearing polymerizable groups. 

In a preferred embodiment, the molecules bearing poly- 
merizable groups are selected from monomeric polymeriz- 
able mole«iles and macromeric polymerizable molecules, 
the monomeis or macromers being eitheo: mhetently bydro- 
philic or readily modified (e.g., by hydrolysis or 
solubilization) to provide hydrophiUc characteristics. Such 
hydrophilic diaracleristics provide the molecules with an 
afSnity for water, allowing the molecules to be water soluble 
for processing. 

The present invention can be used to provide improved 
control over the polymerization process as compared to 
previous methods, This is a result of the use of photoreactive 



species capable of serving as a photoinitiator (e.g., photo- 
initiating groups) to initiate polymerization. As described 
herein, photoiDilialing groups are provided by the coating 
agent itself, instead of being separately provided either in 
solution or by a preformed i)olymer to be attached to the 
support surface. The photoinitiatin| groups of the present 
invention are adapted to regeneratively participate in the 
polymerization process. In a particularly preferred 
embodiment, the photoreactive species are adapted to 
, undergo iBversible^hololylic hemolysis, thereby permitting 
photoreactive species that are not consumed in attachment to 
the support surface to revert to an inactive, or "latent" state, 
These photoreactive species can be subsequently activated, 
in order to serve as photoinitiator groups for imtiating free 
radical polymerization. Thus, excitation of thephotoimtiator 
4Q is reversible and the group can return to a ground state 
energy level upon removal of the energy source . Particularly 
preferred photoioiliatots are those groups that are subject to 
multiple activation in aqueous systems and hence provide 



In one embodunent, the coating agent can be applied to a 

45 support surfece through activation of the first photoreactive 
species, thereby providing a primed surface comprising the 
svmport having a coaling agent attached thereto. The pnmed 
surface can be illuminatedf to activate the second photore- 
active species iu the presence of molecules bearing poly- 
merizable groups. The second photoreactive species serve as 

50 photoinitiators for free radical polymerization of the poly- 
merizable groups of the molecules. In this embodiment, the 
coating aged functions to attach the resulting polymer layer 
to a support surface, with the polymer grown in situ upon the 
coating agent layer. 

A coaling agent of the present invention is preferably 
selected from the group anthraquinone sulfonic acid salt, 
camphorquinone sulfonic acid, hydroquinone monosulfonic 
acid derivatives, 2,5-bis(4-benzoylph6nylmethyleneoxy) 
benzene-l,4-disulfonic acid dipotassium salt, and 4,5-bis(4- 
benzoylphenyhnethyleneoxy)benzene-l,3-disulfonic acid 

60 dipotassium salt. The resulting polymer layer of the present 
invention provides an optimal combination of such proper- 
ties as uniformity of thickness, lubricity, hemocompatability, 
wettability/hydrophihcity, durability of the coating agent 
attachment, biocompatability, and bacterial adhesion. 

65 DETAILED DESCRIPnON 

The present invention provides a method of forming a 
polymer layer on a support surface, the method or~-"~-~ 
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providing a support surface, applying to the support surface 
a coating agent comprising two or naore photoreactive 
species and one or more negatively charged groups, illumi- 
nating the agient upon the support surface to photochemi- 
cally attach the coating agent to the surface, providing a 
plurality of molecules bearir^ free radical polymerizable 
groups, and illuminating the molecules bearing polymeriz- 
able groups and the coating agent upon the support surface 
to initiate polymerization of the molecules bearing polymer- 
izable groups on the support surface, 

In one aspect, the present invention provides a coating 
agent comprising a nonpolymeric core molecule having 
attached thereto, either directly or indirectly, one or more 
substituents comprising negatively charged groups, and two 
or more photoreactive species, wherein the photoreactive 
species are provided as discrete photoreactive groups. In 
accordance with the invention, the photoreactive species 
comprise one or more first photoreactive species adapted to 
attach the coating agent to a surface, and one or more second 
photoreactive species adapted to initiate photopolymeriza- 

In one embodiment, the coating agent comprises a con- 
jugated cyclic diketoae having attached thereto, either 
directly or indirectly, one or more substituents comprising 
negatively charged groups, and wherein each ketone group 
of the diketone is adapted Id serve as a photoreactive moiety 
capable of being activated in order to provide a free radical. 
Pieferably, the conjugated cyclic diketone is a quinone 
selected from substituted and unsubstiluted benzoquinone, 
camphorquinone, naphthoquinone, and anthraquinotie. 

In another embodiment, coating agents of this invention 
ate beheved to be novel in their own right and comprise a 
nonpolymeric core molecule having attached thereto, either 
directly or indirectly, one or more substituents comprising 
negatively charged groups, and two or more photoreactive 
species, wherein the photoreactive species are provided as 
discrete photoreactive groups. In a preferred embodiment, 
such coating agents are selected from the group 4,5-bis(4- 
benzoyiphenyhnethyleneoxy)benzene-l,3-disulfonic add 
dipotassium salt (DBDS), 2,5-bis(4- 
benzDylphenylmethyleneoxy)benzene-l,4-disulfonic acid 
dipotassium salt CDBHQ), a hydtoquinone derivative, an 
anthraquinone derivative, and a camphorquinone deiivativo. 
Optimally, the coating agent is selected from DBDS, DBHQ, 
and 2,5-bis(4-benzoylphenylmethyleneoxy)bcnzene-l- 
sulfonic add mono (or di-) sodium salt. 

Particularly preferred coating agents are selected &om the 
group 4,5-bis(4-benzoylphenyImethyleneoxy)benzene-l,3- 
disulfonic acid dipotassiutn salt (DBDS). and 2,5-bis(4- 
benzoylpheDyhnethyleneoxy)benzene-l ,4-disulfonic add 
dipotassium salt (DBHQ), 

As described herein, the coating agent generally provides 
a low molecular weight core molecule that provides 
improved coating density of the agent on a support surface 
of interest. Moreover, the photoreactive groups provide 
initiators forphotopolymerization, as well as an attachment 
site for the agent to the surface. Finally, the charged group(s) 
provide improved properties such as water solubility and 
hemocompatafaility. The coating agent is thus capable of a 
wide variety of uses and avoids many of the limitations 
found in the prior ait. 

Suitable core molecules of the present invention include 
nonpolymeric radicals having a low molecular weight (e.g., 
100-1000 MW). Suitable core molecules provide an 
improved combination of such properties as coating density, 
structural stability, ease of manufacture, and cost. Further, 
core molecules can be provided with water soluble regions, 
biodegradiible regions, hydrophobic regions, as well as 
polymerizable regions. Exan^les of suitable core molecules 
include cyclic hydrocaitooos, such as benzene and deriva- 
tives thereof. 
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Photoreactive species are defined herein, and preferred 
species are sufficiently stable to be stored under conditions 
in which they retain such properties. See, e.g., U.S. Pat. No. 
5,002,582, the disclosure of which is incorporated herein by 

5 reference. Latent reactive groups can be chosen that are 
responsive to various portions of the electromagnetic 
spectrum, with those responsive to uhravioiet and visible 
portions of the spectrum (referred to herein as 
"photoreactive") being particularly preferred, 

Photoreactive species respond to specific applied external 
stimuli to undergo active specie generation with resultant 
covalent bonding to an adjacent chemical structure, e.g., as 
provided by the same or a different molecule. Photoreactive 
species are those groups of atoms in a molecule that retain 
their covalent bonds unchanged under conditions of storage 
but that, upon activation by an external energy source, form 
covalent bonds with other molecules. 

The photoreactive species generate active species such as 
free radicals and particularly nitrenes, carbenes, and excited 
states of ketones upon absorption of electromagnetic energy. 

20 Photoreactive species can be chosen to be responsive to 
various portions of the electromagnetic spectrum, and pho- 
toreactive species that are responsive to e.g., ultraviolet and 
visible portions of the spectrum, are preferred and can be 
referred to herein occasionally as "photochemical group" or 

25 "phologtoup." 

The photoreactive spedes in photoreactive aryl ketones 
are preferred, such as acetophenone, benzophenone, 
anthraquinone, anthrone, and anthrone-like heterocycles 
(i.e., heterocyclic analogs of anthrone such as those having 

30 N, O, or S in the 10- position), or their substituted (e.g., ring 
substituted) derivatives. Examples of preferred aryl ketones 
include heterocyclic derivatives of anthrone, including 
acridone, xanthone, and thioxanthone, and their ring substi- 
tuted derivatives. Particularly preferred are thioxanthone, 
and its derivatives, having exdtation energies greater than 
about 360 nm. 

The fiinctional groups of such ketones are preferred since 
they are readily capable of undergoing the activation/ 
inactivation/reactivation cycle described herein. Benzophe- 
none is a particularly preferred photoreactive moiety, since 

''^^ it is capable of photochemical excitation with the initial 
formation of an excited singlet state that undergoes inter- 
system crossing to the triplet state. The excited triplet state 
can insert into carbon-hydrogen bonds by abstraction of a 
hydrogen atom (firom a support surface, for example), thus 

45 creating a radical pair. Subsequent collapse of the radical 
pair leads to formation of a new caibon-carbon bond. If a 
reactive bond (e.g., carbon-hydrogen) is not available for 
bonding, the ultraviolet light-induced exdtation of the ben- 
zophenone group is reversible and the molecule letums to 

50 ground state energy level upon removal of the energy source. 
Photoaclivalible aryl ketones such as benzophenone and 
acetophenone ate of particular importance inasnmch as these 
groups are subject to multiple reactivation in water and 
hence provide increased coatii^ ef&dency. 

The azides constitute a preferred class of photoreactive 
species and include derivatives based on arylazides 
(CgRjNa) such as phenyl azide and particularly 4-fluoro-3- 
nitrophenyl azide, acyl azides ( — CO— N3) such as benzoyl 
azide and p-methylbenzoyl azide, azido formates ( — 0 — 
CO — N3) such as ethyl azidoformate, phenyl azidoformate, 
suUbnyl azides (-—30^ — N3) such as benzenesuUbnyl azide, 
and phosphoryl azides (R0)2P0N3 such as diphenyl phos- 
phoryl azide and diethyl phosphoryl azide. Diazo com- 
pounids constitute another dass of photoreactive species and 
include derivatives of diazoalkanes (— CHN^) auch as dia- 

6S zo methane and diphenyldiazomethane, diazoke tones 
( — CO — CHNj) such as diazoacetophenone and 
l-trifluoromethyl-l-diazo-2-pentanone, diazoacetates 
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( — 0— CO— CHN2) such as t-butyl diazoacetate and phenyl coating agent itself. The photoinitiator thus remains avail- 
diazoacetate, and beta-keto-alpha-diazo acetates ( — CO — able to be subsequently activated by a suitable etiergy 
CN2 — CO — 0 — ) such as t-butyl alpha diazoacetoacetate. source, and thereby initiate photopolymerization. 
Other photoreactive species include the diazirines Photoinitiation of free radical polymerization in the 
( — CHNj) such as 3-tiifliioramethyl-3-phenyldiazirine, and ^ present invention can take place via various mechanisms, 
ketencs (— CH=0=0) such as ketene and diphenylkelene. including photochemical intramolecular photocleavage, 
Upon activation of the photoreactive species, the coating hydrogen abstraction, and redox reactions. In a particularly 
agents *re covalently bound to each other and/or to the prefeired embodiment, photoinitiation takes place by hydro- 
material surface by covalent bonds through residues of the gen abstraction from the polymerizable groups, 
photoreactive species. Exemplary photoreactive species, and Intramolecular photocleavage involves a homolytic alpha 
their residues upon activation, are shown as follows. ^° cleavage reaction between a carbonyl group and an adjacent 

carbon atom. This type of reaction is generally referred to as 
a Norrish type I reaction. Examples of molecules exhibiting 
Norrish type 1 reactivity and useful in a polymeric initiating 
system include derivatives of benzoin ether and acetophe- 
j5 none. For example, in a preferred embodiment wherein the 
coating agent of the present invention is provided in the form 
of a quinone having adjacent carbonyl groups (e.g., 
camphorquinone), photoinitiation takes place via intramo- 
lecular bond cleavage. 
A second mechanism, hydrogen abstraction, can be either 
20 intra- or intermolecular in nature. A system employing this 
mechanism can be used without additional energy transfer 
acceptor molecules and by nonspecific hydrogen abstrac- 
tion. However, this system is more commonly used with an 
eneigy transfer acceptor, typically a tertiary amine, which 
25 results in the formation of both aminoal^l radicals and 
ketyl radicals. Examples of molecules exhibiting hydrogen 
abstraction reactivity and useful in a polymedc initiating 
system, include analogs of benzophenone and cam- 
phorquiQone. 

30 A third mechanism involves photosensitizalioa reactions 

utilizing pholoreducible or photo-oxidizable dyes. In most 

The coating agents of the present invention can be apphed insta nces, photoreducible dyes are used in conjunction with 
to any surface having carbon-hydrogen bonds, with which a reductant, typically a tertiary amine. The reductant inter- 
the photoreactive species can react to immobilize the coatmg cepts the induced triplet producing the radical anion of the 
agents to suifeoes. Examples of suitable surfaces are dye and the radical cation of the reductant. 
described in more detafl below. ^ ^ Coating agents of the present invention can be used in any 

Fhotoimtiator groups useflil in the present invention suitable manner, e.g,, by simultaneous or sequential attach- 
incliide those that can be used to initiate photopolymeriza- ment of the coating agent and chemical compounds (e.g., 
lion of polymerizable groups, by a process of free radical molecules bearing polymerizable groups) to a support sur- 
genecatioa, to a desired extent and within a desired time face. In a preferred embodiment, the method of this inven- 
frame. Fhotoinitiators are responsible for producing initial- ^0 tj^jj involves a two step process, involving sequential steps 
ing species by the action of light energy. Free radicals can be in which coaling agent is first attached to the surface, after 
produced by intramolecular photocleavage or hydrogen which compounds are polymerized thereon using the pho- 
abstraction (e.g., inter- or intramolecular). Thus, according toinitator of the attached agent. One advantage of a sequen- 
to the present invention, polymerization is generally initi- tial approach is that photopolymerization of this sort allows 
ated among maoomers or monomers by a light-activated 4S the generation of thin polymer layers on the support surface, 
free-radical polymerization initiator. Preferred photoinitia- The resultant polymer layer is typically highly adherent, 
tors are photosensitive moIeciilBs that c^ture light energy uniform in thickness, and is highly durable. Moreover, 
and initiate polymerization of the molecules hearing poly- solutions used to form the polymer layer can be applied 
merizable groups (e.g., macromeric polymerizable mol- (e.g., via in solution application, dipping, spray coating, 
ecules or monomeric polymerizable molecules). knife coating, and roller coating) to any suitable support 

Examples of pieferred photoinitiators include preferred surface of any surface morphology. The resultant polymer 
photoreactive species listed above. The photoinitiator group layer, in turn, can be adapted to cover irregular sui&ces as 
(i*., the second photoreactive groiip) can be identical to, or well as smooth, relatively uniform surfaces. The polymer- 
difEerent &om, the first photoreactive group used to attach izable species can also be attached to the support surface 
the coatii^ agent to a support surface. In one embodiment, simultaneously mth the coating ag^nt of the present 
the first and second photoreartive species are adapted to be invention, by providing suitable reaction conditioiB to allow 
independently activaled by Ught of difllerent wavelengths such simultaneous attachment of the coating agent and 
(e.g., ultraviolet light versus visible light). polymerization of the polymerizable species. 

Upon activation of the photoreactive species in the pres- In a particularly preferred embodiment, photoinitiation 
ence of a support surface, the second photoreactive gtoup(s) generates active species such as free radicals and particu- 
remain unbound to the support sur&ce and revert to their ^'^ larly nittenes, carbenes, and excited states of ketones upon 
inactive state in order to serve as photoinitiator groups. absorption of electromagnetic energy. This excited photo- 
While not intending to be bound by theory, it appears tiiat the initiator in turn abstracts hydrogen atoms from available 
ability of a photoreactive grotip to remain unbound (and sources in proximity to the photoinitiator, e.g., polymeriz- 
hence serve as a photoinitiator) is a factor, at least in part, of able species^ applied to the primed surface. This hydrogen 
various reaction conditions (e.g., time and intensity of 6S abstraction thus generates a free radical site within the 
illumination wavelength, reagent concentration, etc.) and/or polymerizable species from which polymerization can pro- 
restrictions imposed by the size and/or structure of the ceed. 
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A typical free radical polymerizatioii comprises four via the coating agent. As used herein, "polymerizable group" 

steps: initiation, propagation, termination, and chain trans- shall generally refer to a group that is adapted to be 

fer. In initiation, a free radical derived from an initiator adds polymerized by initiatioa via free radical generation, and 

to a monomer molecule to form an active center. Other mote preferably by photoinitiators activated by visible or 
initiating reactions include addition to the head of the j long wavelength ultraviolet radiation, 
molecule or hydrogen abstraction, and the reaction mecha- g^^^y^ polymerizable compounds can be used to provide 

nism d^nds upon the structurts of the radical and mono- polymerization products (e.g., a polymer layer resulting 
mer Tie propagation or growth reaction consists of the f,^, ^.^j,,, polymerization) that are either inherently 

rapid addition of monomw molecules to the radical speci<». hydrophihc or are capable of being readily modified to 
The most common mechanism of propagation occurs m hydrophilic characteristics at appropriate reaction 

head-to-tail fashion. However, propagation may also occur conditions (e.g., pH). Moreover, the polymerizable groups 

in head-to-head, tad-to-head and ta.l-to-ta,l modes. In ^^^^^^ compounds, can include those adapted to participate 

termmation, the polymer chain stops growing by the in i^ee-radical polymerization. Preferred compounds include 
destruction of propagating radicals. NormaUy, m the absence free-radical polymerizable component (e.g., a 

of species that destroy radicals, chain termmation occurs by ^ ) ^, ^^^i junctional group with a high 

bmiolecular interaction of radicals (e.g., radical combina- 15 aiBnily for water. As contemplated by the present invention, 

Uons or disproportionation). ^^^j^ functional groups with a high afEnity for water can be 

As used herein, a "charged" group generally refers to a negatively charged, positively charged, or electrically neu- 
group that is present in ionic form in solution, i.e., carries an 

electrical charge under the conditions (e.g., pH) of use. Ihe g^j^^^j^ polymerizable compounds are selected from 
changed groups areptesent,m part to 20 „onomeric polymerizable molecules (e.g., organic 

with desired wa1»r solubility. Additionally, such charged monomers), and macromeric polymerizable mole^es (e.g., 

groups provide a combmation of such desirable character- ™7l!l„.^„j^^ 

^tics as antithrombogenicity and hemocompatabiUty, "S*""^ maaomcB). Asused herein, macromer- shaU 

^ ^ J ^ / L '""'^•"F^""""'^. to a macwjmolecularmonofflcrhavmg a molecular weight of 

The type and number of charged groups in a preferred ^bout 250 to about 25.000, and preferably fiom about 1,000 

coating agent are sufficient to provide the agent with a water 2s to about 5 000. 

solubdity (at room temperature and optimal pH) of at least . , , ' , - , , ■ , 

about 0.1 mg/ml, and preferably at least about 0.5 mgAnl, ,f ''"^^^ ?T^r'"u^f- a '^°™P™°'^. ^^f 

and more preferably at least about 1 mg/ml. Given the nature ;=^lly ''eutral hydrophdic functional units, for example acry- 

of the surface coating process, coating agent solubility levels l??i<^« ''"'^ methacrylamide derivatives. Examples of suit- 

of at least about 0.1 mg/ml are generaUy adequate for ^^^^ monomers containing electrically neutral hydrophihc 
providing useful coatings of target molecules (e.g,. polymer units include acrylamide methacrylamide, 

layers) on surfaces s . i~ / N-alkylacrylaraides (e.g., N,N-dimethylacrylamide or 

IHe coating agent of the present appHcation can thus be ^fd"^^^^^^ 

contrasted with many coating aoents in the art, which are i. j ^ , u'j , , . ' 

typicaUy considered fo be in^lulle in water(e.g.,havir,ga aXl^^^^^^ 
comparable water solubiUty in the range of about 0.1 mg/ml 

or l4, and more often abiut 0.01 n^mlorless). For this glycffolmonoacrylate). 

reason, conventional coating agents arc typicaUy provided Alternatively, suitable polymenzable compounds contain- 

and used in solvent systems in which water is either absent ""S electrically neutral hydrophiUc functional units include 

or is provided as a minor (e.g., less than about 50% by molecules whose polymers, once formed, can be readUy 
volume) component. 40 modified (e.g., bydroly zed by the addition of ethylene oxide) 

Examples of suitable charged groups include salts of !? Pwyide products with enhanced affinity for water 

organic Lids (e.g.. sulfonate, phosphonL, and carboxylate ^»fP'*=« oMle monomers of this type mclude glycidyl 

grSups), as ™ll as combinations thereof. A preferred acrylate or methacrylate, whose polymeisbea^ 

charged group for use m preparing coating agente of the f'^*'.«" ^. « addy hydrolyzed to provide glycol structures 
present invention is a sulfoSdc acid salt, e.^, ^vatives of 45 ^''"'^^ * ^^"^^ 

SO3- in which the oountwion is provided by any suitable Examples of suitable monomenc polymenzable mol- 

positively charged species, e.g., as a potassium or sodium ecules that are negatively charged at appropriate pH levels 

]Qlj, include acrylic acid, methacrylic add, maleic add, fumaric 

In one embodiment, the coating agent of the present add, itaconic acid, AMPS (acrylamidomethylpropane sul- 
invention further includes optional spacers between the so ^^J^^' ''^^^ Phosphoric acid, vinylbenzDic acid, and 
nonpolymeric core molecule and one or more of the photo- 

reactive species. A spacer is provided in situations when it Alternatively, suitable mooomeric polymerizable mol- 

is desired to provide more distance between the photoreac- ecules that ate negatively charged at appropriate pH levels 

tive species and the core molecule. For example, it can be include molecules whose polymeis, once formed, can be 

desirable tn provide a spacer to avodd steric hindrance that readily modified (e.g., by hydrolysis via the addition of 

may result between the core molecule and the photoreactive ethylene oxide) to provide products with enhanced afEnity 

species, thus inhibiting the photoreactive species from form- for water. Examples of suitable monomers of this type 

ing oovalent bonds with a support surface (in terms of the include maleic anhydride, whose polymers bear anyhdride 

second photoreactive species^ or from serving as a pholo- groups that can be readily hydrolyzed to provide carboxyhc 

initiator for polymerization (in terms of the first photoreac- acid groups, or can be readily reacted with amines to provide 
tive species). SO amide/acid structures vrith high affinity for water, and poly- 

In one embodiment, the present invention contemplates a merized vinyl esters, 
system comprising a coating j^nt as described herein, and Examples of suitable monomeric molecules that are posi- 

a plurality of molecules, each bearing one or more poly- lively charged at appropriate pH levels include 

merizable groups. In accordance with this embodiment, the 3-aminopropyImethacrylamide (APMA), methacrylami- 
photomitiator group serves to initiate polymerization of the « dopropyltiimethylammonium chloride (MAFIAC), N,N- 

polymerizable groups, thereby forming a polymer layer that dimethylaminoethylmethacrylate, N,N- 

is covalently bound to the support siu&ce of a desired article diethylaminoethylacrylate, and the like. 
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Alternatively, suitable positively charged monomeric 
polymerizable molecules include those molecules that can 
be readily modified (e.g., by bydrolysis via the addition of 
ethylene oxide) to provide products with enhanced affinity 
for water as well as a positive charge, e.g., gjycidyl meth- 
aaylate whose polymeric products can be reacted with 
amines (e.g., ethylamioe), to provide hydroxyamino oom- 
pouads. In some cases, these materials will contain a struc- 
tural unit with an inherent positive charge, as for example 
with fiilly quatemized ammonium structures. In other cases, 
the positively charged structural unit will exist at certain pH 
values, particularly at acidic pH values. 

In an alternative embodiment, the polymerizable com- 
pounds of the present invention comprise macromeric poly- 
merizable molecules. Suitable macromers can be synthe- 
sized from monomers such as those illustrated above. 
According to the present invention, polymerizable fiinc- 
tional components (e.g., vinyl groups) of the macromer can 
be located at either terminus of the polymer chain, or at one 
or more points along the polymer chain, in a random or 
noniandom siructuial manner. 

The number of fiee-radical polymerizable groups per 
molecule can be varied according to the application. For 
example, it can be preferable to empby a macromer with 
just one ftee-radical polymerizable unit. In other instances, 
however, it can be pi<eferable to employ a macromer with 
more than one, e.g., two or more polymerizable units per 
macromer. Additionally, the macromer of the present inven- 
tion can contain structural features to provide improved 
aflSnity for water in a manner typically unavailable in small 
molecule structures (e.g., hydrophilic poly(ethylene glycol) 
materials). 

Exannples of suitable macromeric polymerizable com- 
pounds include metbacrylate derivatives, monoacrylate 
derivatives, and acrylamide derivatives. Particularly pre- 
ferred macromeric polymerizable compounds include poly 
ethylene glycol)monomethyacrylate, methoxypoly 
ethylene glycol)monomethacrylate, poly(ethylene ^ycol) 
monoacrylate , monomethy acrylamidopoly(acrylamidc), 
poly(aciylamide-co-3-methacrylamidopropylacrykmide), 
poly(vinylalcohol)monomethacrylate, poly(vinylalcohol) 
monoacrylate, poly(vinylaJcohol)dimethacrylate, and the 
like. 

Such macromers can be prepared, for instance, by first 
synthesizing a hydrophilic polymer of the desired molecular 
weight, followed by a polymer modification step to intro- 
duce the desired level of polymerizable (e.g., vinyl) func- 
tional units. For exaniple, acrylamide can be copolymeiized 
with specific amounts of 3-aminopFopylmediacrylamide 
comonomer, and the resulting copolymer can then be modi- 
fled by reaction with methacrylic anhydride to introduce the 
methacrylamide functional units, thereby prodtieing a usefiil 
macromer for purposes of this invention. 

Poly(ethylene glycol) of a desired molecular weight can 
be synthesized or purchased &om a commercial source, and 
modified (e.g., by reaction with methacrylyl chloride or 
methacrylic anhydride) to introduce the terminal metbacry- 
late ester units to produce a macromer useful in the process 
of this inventioiL Some applications can benefit by use of 
macromers with the polymerizable units located at or near 
the terminus of the polymer chains, whereas other uses can 
benefit by having the polymerizable umt(s) located abng the 
hydrophilic polymer chain backbone. 

Such monomeric and macromeric polymerizable mol- 
ecules can be used alone or in combination wi^ each other, 
including for instance, oombinatiGins of macromers with 
other macromers, monomers with other monomers, or mac- 
romers combined with one or more small molecule mono- 
mers enable of providing polymeric products with the 
desired afEmty for water. Moreover, the above polymeriz- 
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able compounds can be provided in the form of amphoteric 
compounds (e.g., zwitterions), thereby providing both posi- 
tive and negative charges. 
Coating agents as described herein can be used to modify 
5 any suitable surface. Where the latent reactive group of the 
agent is a photoreactive group of the preferred type, the 
support sur&ce to be coated preferably provides abstractable 
hydrogen atoms suitable for covalent bonding with the 
activated group. In another embodiment, the surface can be 
modified (e.g., by pretreatment with a suitable reagent) to 
provide abstractable hydrogen atoms on the surface. 

The method according to the present invention is suitable 
for use in connection with a variety of support siufaces, 
including hydtogel polymers, silicone, polypropylene, 
polystyrene, poly(vinyl chloride), polycarbonate, poly 
(methyl metbacrylate), patyiene and any of the numerous 
organosilanes used to pretreat glass or other inorganic sur- 
faces. The photoreactive coating agents can be applied to 
sitffaces in any suitable manner (e.g., in solution or by 
dispersion), then photoactivated by uniform illumination to 
20 immobilize them to the surface. Examples of suitable hydro- 
gel polymers are selected from silicone hydrogels, hydroxy- 
ethylmethacrylate polymers, and glyceryl metbacrylate 
polymers. 

Other suitable surface materials include polyolefins, 

25 polystyrenes, poly(methyl)methacrylates, 
polyacrylonitriles, poly(vinylacetates), poly(viuyl alcohols), 
chlorine-containing polymers such as poly(viny!) chloride, 
polyoxymelhylenes, polycarbonates, polyamides, 
polyimides, polyurethanes, phenolics, amino-epoxy resins, 

3Q polyesters, silicones, cellulose-based plastics, and rubber- 
like plastics. See generally, "Plastics," pp. 462-464, in 
Concise Encyclopedia of Polymer Science and Engineering, 
Kroschwitz, ed., John Wiley and Sons, 1990, the disclosure 
of which is incorporated herein by reference. In addition, 
supports such as those fanned of pytolytic carbon and 
silykted surfaces of glass, ceramic, or metal are suitable for 
surface modification. 

Such materials can be used to fabricate a number of 
devices capable of being provided, either before, during 
and^r after their fabrication, with a polymer layer according 

*o to the present invention. Implant devices are one general 
class of suitable devices, and include, but are not limited to, 
vascular devices such as grafts, stents, catheters, valves, 
artificial hearts, and heart assist devices; orthopedic devices 
such as joint implants, fracture repair devices, and artificial 

45 tendons; dental devices such as dental implants and fracture 
repair devices; opbthahnic devices such as lenses and glau- 
coma drain shimts; and other catheters, synthetic prostheses 
and artificial organs. Other suitable biomedical devices 
indude dialysis mbing and membranes, blood oxygenator 

50 tubing and membranes, blood bags, sutures, membranes, cell 
culture devices, chromatographic support materials, 
biosensors, and the like. 

According to the present invention, surface modification 
can be achieved using photopolymerization (e.g., by free 
radical polymerization). In accordance with the present 
method, a selected surfiaoe is contacted with a coating agent, 
as described above. During and/or after application of the 
coating agent, the surface is illuminated with UV light of the 
appropriate wavelength, thereby activating the photoreac- 
tive species. The coating agent is thus immobilized to the 

60 surface, by means of the first photoreactive species (with the 
second photoreactive species reverting to inactive form), 
and excess coating ag^nt can then be optionally washed 
away, leaving a surface primed with a base layer of coating 

65 The coating agent can be applied to the surface of interest 
in any suitable manner. For example, the coating agent can 
be applied by dip coating or by dispersing the agent on the 
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surface (for example, by spray coating). Suitable methods of 
application include application in solution, dipping, spray 
coating, knife coating, and loUer coating. In a particularly 
preferred embodiment, the coating agent is applied to the 
surface via spray coating, as this application method pro- 5 
vides increased density of the coating agent on the support 
surface, thereby improving grafting durability. 

In the sequential approach described herein, a solution 
containing polymerizable compounds can be applied to a 
primed surface. The solution can be illuminated in situ to jq 
activate the second photoreactive group(s) that serve as a 
photoinitiator(s), thus initiating free radical polymerization 
via hydrogen abstraction. In a particularly preferred 
embodiment, photopolymerizalion takes place in an inert 
atmosphere, since oxygen interferes with free radical poly- 
merization. Deoxygenation can take place using an inert gas 
such as nitrogen. 

Once the system has been deoxygeoated, the surface can 
again be illuminated with UV light of the appropriate 
wavelength. This second illumination thus activates the 
second photoreactive group(s) serving as a photoinitiator(s) 
of free radical polymerization. In a preferred embodiment, 
illumination generates the excited state of the photoreactive 
group, allowing the excited molecule to abstract a hydrogen 
from available sources, e.g., molecules bearing polymeriz- 
able groups. Such hydrogen abstraction generates a free 2S 
radical site, from which polymerization can proceed. 

The invention will be further described with reference to 
the following non-Umiting Examples. It wiU be apparent to 
those skilled in the art that many changes can be made in the 
embodiments described without departing firom the scope of 30 
the present invention. Thus the scope of the present inven- 
tion should not be limited to the embodiments described in 
this application, but only by embodiments described by the 
language of the claims and the equivalents of those embodi- 
ments. Unless otherwise indicated, all percentages are by 35 
weight 

In one embodiment, the invention provides a coatiag 
^ent and cotresponding method of using to form a poly- 
meric layer on a surface, whewin the coating agpnt com- 
prises a compound of the formula: ^ 



wherein 

comprises a first photoreactive species; 
X2 comprises a second photoreactive specie^ 
Y comprises a nonpolymeric core molecule; and 
Z comprises at least one charged group. 

EXAMPLES 



Preparation of 4,5-bis(4- 
benzoylphenyhnethyleneoxy)benz6ne-l,3-disulfonic 
add disodium salt (DBDS) (Compound I) 

4,5-bis(4-benzoylpheny]methyieneoxy)benzene-l,3- 
disulfomc add diso£um salt (DBDS) was prepared as ^ 
follows. An amoimt (9.0 g, 0.027 moles) of 4,S-dihydioxy 
1,3-benzene disulfonic acid disodiimi salt monofaydrate was 
added to a 250 ml, 3 necked mund bottom flask fitted with 
an overhead stirrer, gas inlet port, and reflux condenser. An 
amount (15 g, 0.054 moles) of 6S 
4-bromomethylbenzophenone (BMBP), 54 ml telrahydrofii- 
ran (THF), and 42 ml deionized water were then added. The 



flask was heated with stirring under an argon atmosphere to 
reflux. The argon atmosphere was maintained during the 
entire time of refluxing. 

After reflux was reached, 9.0 ml (6 N, 0.054 moles) of a 
sodium hydroxide solution was added through the reflux 
condenser. The reaction was stirred under reflux for 3 hours. 
After this time, a second portion of BMBP, 3.76 g (0.014 
moles), and 3.6 ml (6 N, 0.022 moles) of sodium hydroxide 
were added. The reaction was continued under reflux for 
more than 12 hours, after the second BMBP addition. 

The reaction mixture was evaporated at 40° C. under 
vacuum on a rotary evaporator to give 46 g of a yeUow paste. 
The paste was extracted by suspending three times in 50 ml 
of chloroform at 40° C. for 30 mmutes. A centrifuge was 
used to aid in the decanting of the chloroform from the solid. 
The sohd was collected on a Buchner funnel, after the last 
extraction, and air dried for 30 minutes. The solid was then 
dried by using a rotary evaporator with a bath temperature 
of 50" C. at a pressure of about 1 mm for 30 minutes, 

The dried solid, 25.8 g, was recryslalKzed from 67 ml of 
water and 67 ml of methanol. The dried purified product 
amounted to 10.4 g (the theoretical yield was 19.0 g) with 
absorbance of 1.62 at 265 nm for a concentration of 0.036 
mgtol. 

Example 2 

Preparation of 2,5-bis(4- 
benzoylphenyknethyleneoxy)benzene-l,4- disulfonic 
acid dipolassium sah (DBHQ) (Compound II) 

2,5-bis(4-benzoylphenylmethylen6oxy)benzene-l,4- 
disuifonic acid disodium salt (DBHQ) was prepared as 
follows. An amount (15.0 g, 0.043 moles) of 2,5-dihydroxy 
1,4-benzene disulfonic acid dipotassium salt was added to a 
500 ml, 3 necked round bottom flask fitted with an overhead 
stirrer, gas inlet port, and reflux condenser, An amount 
(23.75 g, 0.086 moles) of BMBP, 10.0 g (0.094 molfis) of 
sodium carbonate, 90 ml of methanol, and 90 ml deionized 
wafer were then added. The flask was heated with stirring 
under an argon atmosphere to reflux. The argon atmosphere 
was maintained during the entire time of refluxing. The 
reaction was stirred under reflux for 2 hours. 

A second portion of BMBP, 6.25 g (0.023 moles), and 
2.65 g (0,025 moles) sodium caAonate were added. The 
reaction was continued under reflux for 2 more hours, after 
the second BMBP addition. 

The reac^on mixbire was filtered and dried to give 43.6 
g of a semi-dry solid. Hie solid was dried to give 26.8 g of 
a gray powder (the theoretical yield was 31 g). 



Preparation of 2,5-bis(4- 
benzoylphenylmethyleneoxy^enzenesulfonic acid 
sodium and^r potassium salt (Compouod III) 

2,5-bis(4-benzoylphenylmethyleneoxy)benzene5iilfonic 
add sodium and/or potassium salt was prepared as follows. 
An amount (1,98 g, 0.0087 moles) of 2,5-dihydroxybenzene 
sulfonic acid potassium salt was added to a 100 ml, 3 necked 
round bottom flask fitted with an overhead stirrer, gas inlet 
port, and reflux condenser. An amount (4.75 g, 0.017 moles) 
of BMBP; 2.9 ml (0.017 moles) of 6N sodium hydroxide; 18 
ml of methanol; and 14 ml of deionized water were then 
added. The flask was heated with stirring under an argon 
atmosphere to reflux. The argon atmosphere was maintained 
during the entire time of refluxing. The reaction was stirred 
imder reflux for 1 hour. 

A second portion of BMBP, 1.25 g (0.0045 moles), and 
1.1 ml (0.0066 moles) of 6N sodium hydroxide were added. 



Contact Angles latex glove rubbing 

(Advancing, Receding) (Advancing, Receding) 
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The reaction was continued under reflux for 1 more hour, 
after the second BMBP addition. 

At the end of the reaction there were two liquid layers 
present. The reaction mixture had solidified 2 days later; the 

solid was filtered and dried to give 5 .95 g of a light tan solid ' Angles 
(the theoretical yield was 5.1 to 5.3 g). 

Example 4 Unooatrf I2a,46 — 

^ DBDS/PEG graft: 55^fi 80^1 

10 

) Silicone 

These results indicate that there is a significant reduction 
in advandng angles, demonstrating that (he samples are 

nt was conducted lo determine the feasibility wettable. Althou^ contact angles increase with latex glove 

of photoimmobilizing DBDS followed by grafting with 15 Jibing on the coated substrate, there b stiU some hydto- 
methoxy PEG 1000 MMA (poly(ethylene glycol) phiKcity remaining on the silicone substrate, 
monomethacrylate) on a silicone substrate to produce a 
bydrophilic coating. The resultant coating was analyzed for 
hydtophilicity and bacterial adherence properties. Bacterial adherence assays of the resulting silicone sub- 

ADBDS (Compound I) base coat was applied to a ^° stole were performed in the following manner. TVo strains 
silicone substrate in the following mamier. A Xone sub- "i,^^^l"r ^7-^1^^ ^^T^U^^. 

soludon (100% water) conta™=d m aB alummum cap. TJ» ^ ^ described above. Assays were performed of thi 
substrate was incubated m DBDS at room temperature for coated substrate versus uncoated substrate. Based on the 
approximately 5 mmutes. following results (Table 2 and Table 3) there is a secant 

FoUowing incubation, the substrate in DBDS was illumi- bacteria reduction compared to uncoated substrate. A 98% 
nated with a Dymax flood lamp (model no. 2000-EC, reduction was observed with the strain ATCC #27853 when 
Dymax Corporation, Torrington, Conn.) which contained a con^P^^l ™«>»»f'' '^^^ ""^ 

doped mercury vapor lamp, to activate the photoieactive 30 observed with the stram ATCC #15442. 
groups present in DBDS, thereby attaching DBDS to the 

substrate surface. The substrate was illuminated for 1 minute TABLE 2 

at an intensity of 1-1.5 mW/cm^ in the wavelength range of 
330-340 nm at the substrate position. Then substrate was 
then rinsed and placed in distilled water before grafting with 35 
poly(ethylene glycol) (PEG 1000). 

Following the DBDS base coat, the substrate was placed 

in 8 ml of meihoxy PEG 1000 MA (poly(ethylene glycol) uncoaUK 
monomethacrylate) contained in a 20 ml syringe. The PEG DBDS w 
1000 solution and substrate were then deoxygenafed using rag 
nitrogen gas bubbling up from the bottom of the syringe Sai 
10 minutes. After 10 minutes of sparging PEG solution with 
nitrogen, an EFOS UV light (Engineered Fiber Optics 

System, model no. 100 SS Plus, EFOS U.SA. Inc., 

WnUamsville, N.Y.) was placed at the top of the syringe. ^ 

The solution was illuminated with the EFOS while nilio- 
gen gas is still bubbling up through the PEG solutian. The p - value: one 

solution was iQuminated for 10 minutes at an intensity of tail (compaimg 

4-6 mW/cm^ with a 320-390 nm filter at the level of the CFUWatnte a. S.D. ft Reduction loga) 

PEG solution. u^,tad 6.63 xio«* 1.16 « 10" - - 

DBDS with 1.08 X 10« ± 6.36 X 10* 41% O.OS 

Hydrophilicity ^Qgaft 



Hydrophilicity of the resulting silicone substrate was 
measured by determining contact angles in the followir^ 
manner. Contact angles were measured using a Dynamic 
Contact Angle Analyzer (CAHN, model no. DCA-322). The 
test for wettability consists of an initialization stage fol- 
lowed by 3 cycles where advancing and receding angles are 
calculated. Each cycle contains the following program: Set 
speed at 100 microns/sec, lire balance. Detect 2D0I (Zero 
Depth of Immersion) Advance 10 mm. Recede 10 mm, and 
return to zero. The sample size used for the test was a 4.1 
mm (width) by 0.1 mm (thickness) by 13 mm (length). Each 
sample was tested in saline packing solution. Table 1 sum- 
marizes the contact angle testing completed on DBDS 
in-solution/PEG 1000 graft coated sflicone substrates. 



55 These results indicate that DBDS with PEG graft reduces 
bacterial adherence when the coated substrate is exposed to 
Pseudomonas aeniginasa. 

Ejcample 5 

^ Spray Coating of DBDS on Silicone Substrate 

An experiment was conducted to determine the feasibility 
of photoimmobiliziiig DBDS using a spray method to 
increase density of DBDS on the surface, followed by 
65 grafting with methoxy PEG 1000 MMA (poly(ethyl6ne 
glycol)monomethacrylate) on a silicone substrate to produce 
a hydrophilic coating. The resultant coating was ^lalyzed 
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TABLE 4 



A silicone substrate was mounted onto a batleiy-oiperated 
rotator (set at 100 revolutions per minute (RPM)), The ' 
rotator was then placed under a spray and U V light source. 
The spray was angled at approximately 45* from horizontal 
and was 4 J cm from the rounded edge of the mounting. 

1 

ADBDS solution of concentration 0.5 mg/ml in UJO was 
sprayed onto the substrate at a constant rate of 4-5 ml per 
minute. A nitrogen environment was maintained throughout 
the application of DBDS by introducing a nitrogen stream 
into the system. Simultaneously, the substrate was illumi- 
nated with an Oriel Series Q Arc Lamp (Oriel Instruments, 
Stratford, Conn.) which contained an Osram HBO 100 
W/cm^ mercury short arc doped bulb (Germany). The 
substrate was illuminated for 30 seconds at an intensity of 20 
mW/cm^ in the wavelength range of 330 Dtn-340 nm. Tba 
UV bulb was placed at a 45° angle from horizontal. 



autoclave cycles glove lubbing 

(Advancing, (Advancing, 
Receding) Receding) 

AVERAGE AVERAGE 



These results indicate that a spiay DBDS followed by a 
IS PEG graft improved the wettability significantly. The dura- 
bility of the DBDS/FEG graft coating was also exceptional 
based on the contact ai^es after five autoclave cycles and 
latex glove nibbii^. five autoclave cycles and lalex 
glove rubbing, coated samples stained in Toluidine Blue 
20 sdutioD were much darker than uncoated control samples, 
indicating coating was present. 



Bacterial Adherence Assays 
Bacterial adherence assays of the resulting silicone sub- 



After DBDS was sprayed onto the substrate, three coated 
substrates were placed in 8 ml of a 25% methoxy PEG 1000 

(vA' in water) solution contained in a 20 ml Fortuna syringe. 25 strate were performed in the followmg manner. Two strains 
The methoxy PEG 1000 solution and substrates were then °^/- »er«g(«(wa bacteria (ATCC #27853 and ATCC 
deoxygenated using nitrogen gas bubbling up from the *15442), and StopAytococc«s epulemUks (ATCC #35984) 
u„„™ „f ,1,= f^, ic ■ . nf - n, 1 » c were exammed with DBDS spray/PEG graft coated sub- 

bottom of the s^mge for 15 mmutes During the last 5 ^^^^^^ ^^^^^P sibstratiwere tested, and 

minutes, an EFOSUVhgta (as described abov^ the results for each were compared. TUbbs 5-7 bdow 

at the top of the synnge. The solution was illmninated with 30 summarize the results, 
the EPOS while nitrogen gas was still bubbling up through 
the PEG solution. The solution was illuminated for 5 min- 
utes at an intensity of 4-6 mW/cm^ with a 320-500 nm filter 
at the level of the PEG solution. 



TABLES 



ATCC #27853 Adherence. -5) 



CFU/substnlc x S.D. % KEduduiii (conipBriiig logs) 



HydrophiHcity of the coated silicone substrates was mea- ^ ^ 
sured by determining contact angles in the following man- 
ner. Contact angles were measured using a Contact Angle 
Analyzer (CAHN, model no, DCA-322), The test consists of 
an initialization stage followed by four cycles where advanc- 
ing and receding angles are calculated. Each cycle contains 45 ' 
the following program: Set speed at 100 microns/^ecv Tare 
balance. Advance 2.0 mm. Tare balance. Detect ZDOI (Zero 
Depth of Immersion) Advance 14 mm. Recede 14 mm, and 
return to zero. The sample size used for the test was a 4.1 
mm (width) by 0.1 mm (thickness) by 13 mm (length). Each 5^ ■ 
sample was tested in saline packing solution. Table 4 sum- ^ 
marizEs the contact angle testing completed on DBDS ; 
itt-solution/PEG 1000 spiay graft coated silicone substrates. 



ATPC #15442. 



CPU/nibitrals ± SJ>. 



2.03 X 10« c 8.97 x 10= 



Durability 



The durability of the resulting coating was measured by 
testing contact angles after tive autoclave cycles using the 
following conditions: Liquid Cycle, 20 minutes at 121° C. in 
a sealed vial filled % fiill with 0.9% isotonic saline solution. 
Another method of measuiing durability is to rub the coated 
substrate with a latex glove and follow it up with contact 
angle testing, or staining in Ibluidine Blue solution 
(Aldrich, Milwaukee, Wis.). Table 4, bebw, shows the data 
collected on substrates umuediately after coating, after five 
autoclave cycles, and after latex glove rubbing. 



TABLE 7 



Bacterial Bfidnctlaa - ej^dermtdis 
ATCC *359B4 AdliHeDce hi-S> 



CFU/subitrale ± S.D. % Reduction (one laiQ 



Uncoaled 44x10= — — 

DBDS with PEG graft 1.87x10' 96 0.0575 



6S As shown in the above tables, the results indicate that, in 
each test, there was at least a 96% reduction of bacterial 
adherence compared to uncoated siHoone substrate. 
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Example 6 
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DBDS Coating on Hydrogel Matrix 
An experiment was performed to demonstrate the effec- 
tiveness of using DBDS as a coating agent on a polyvi- 5 
nylpyrroiidone (PW) based, lubricious, hydtogel matrix. 

The concentrations for the formulations came out of 
Design of Experiments (DDEs) performed with DBDS/ 
PVP^ combinations. Three factors were varied for each 
experiment, PVPigo concentration (20-40 mg/ml), DBDS jd 
concentration (0.3-0.7 mg/ml), and % isopropyl alcohol 
(10-40% by volume IPA^ From the experiments it was 
determined thai high PVP^q level (40 mg/ml), high DBDS 
(0.7 mg/ml), and low % IPA level (10%) was (he most 
favorable formulation for the DBDS/PVP^g combinations. 

A solution of DBDS and PVP was prepared and applied 
to the surface of a polyvinylchloride (PVC) iotermitteiit 
urinary catheter. This solution contained 0.7 mg/ml of 
DBDS and 40 mg/ml of PVPtso i° ^ solvent system of 10% 
(by volume) isopropyl alcohol and 90% (by volume) wateL 



22,5 inch positioning tail tabie with micto-stepper motor 
control (Compumotor SX6 Indexer/Drive). 

The parts to be tested were hydrated in deionized water 
and clamped onto the test surface 1 inch (or approximately 
2.5 cm) apart. The hydrated cellulose covered sled was 
placed on lop of the parts. Initial force measuiements were 
taken while the sled moved at 0.5 cm/sec over a 5 cm section 
for five push/pull cycles. The sled (hen continued cycling 
over the coated samples 50 push/ptifl cydes at 5 cinfeec to 
simulate abrasion. The velocity was then decreased back to 
0.5 cm/sec and the final force measurements were taken over 
another five push/puU cycles. 

As shown in FIG. 1 below, the results show that the 
DBDS/PVPjoQ combination provided a superior lubricious 
hydrogel matrix in terms of durability. For the DBDS 
formiulation, the grams of force remained relatively constant 
for all 60 cycles, indicating a durable coating. 



FIO. L Horizontal Sled Style Fricdon Itet 
200 g Stamkus Steel Sled Covered 
in Regeneiated Celtuloee 




The surface of the PVC catheter was cleaned by wiping 
with an alcohol soaked cloth. The coating was qipUed to the 
catheter by a dip method at a speed of 1 an/s. The coating 
was illuminated wet to dry with a Dymax lamp (as previ- 
ously described) for 4 minutes, while the catheter was 
rotated. 

Durability and Lubricity 

To assess lubricity and lenadly of coated parts, frictional 
force over both the first and last 5 cycles of a 60 cycle test 
was evaluated. The coated calheters were evaluated by a 
horizontal sled style friction test method (modified ASTM 
D-1894. as described below). 

Regenerated cellulose (Spectra/Por molecular porous 
membrane, MWCO: 6-8,000, flat width 50 mm, part 
#132665, available &om Spetdrum Medical Industries, Inc., 
Los Angeles, Calif.) was hydrated and then wr^ed around 
a 200 gram stainless steel sled. The sheet of cellulose was 
clipped together tightly on the opposite side of the sled. The 
sled with rotatable arm was then attached to a 250 gram 
Chatillon Digital Force Gauge (DGGHS, 250x0.1) with 
computer inter&ce. The testii^ surface was mounted on a 



Example 7 

Partial Thromboplastin Hme of Coating Agents 

An expeoriment was conducted to deteimine the hemo- 
oompatability of the coating agent when attached to a 
support surface. 

A useful test in determining the hemocompatibility of a 
reagent is the partial thromboplaslin time {VTT) test. The 
PIT is a test of the intrinsic (factors Vm, Di, XI, and xm 
and common (fibrinogen, prothrombin, factors V and X) 
pathways of compilation. A mixture of plasma and phos- 
pholipid platelet substitute (rabbit brain cephalin) is tecal- 
cified and the time requited for the appearance of fibrin 
strands measured. 

The PTT was tested to determine whether Compound I or 
Conapound II have the ability to extend the control PTT. A 
test tube of rabbit brain cephalin (Sigma #RBC) in 0.85% 
NaCl and a test hibe of 0.02 M CaClj was brought to 37° C. 
65 in a water bath. Dade Ci-trol coagulation control lyophilized 
plasma (Dade International, Inc., product no. 34224-10) was 
reconstituted in sterile deionized water. In 10x75 tmn glass 
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Next, SO of sample (deionized water, a phofocrosslinkable 
polyvinylpyrrolidone (available from SurModics, Inc., prod- 
uct no. PVOS), or Compound I or II) was added aad mixed. 
While simultaneously starting a stop watch, 100 fA of 0.02 
M CaCl^ was added to initiate the cbtting cascade. After 40 
seconds had passed, the test tubes were shaken lightly, 
observed for fibrin formation, and the number of seconds 



AH samples were tested in duplicate. The appropriate 
control PTT, depending upon what solvent in which the 
reagpnt was dissolved, was subtracted from the average PTT 
for the reagent to give the time the control PTT was 
extended. 

The results of a PTT experiment with two different 
concentrations of each reagent are shown in Table 8. The 
polymer PVOS, which does not have any sulfonate groups, 
did not extend the deionized water control PTT. Compounds 
I and II, which contain sulfonate groups, were able to 
considerably extend their control PTTs at both concentra- 
tions tested. At the higher of the two final concentrations 
tested. Compound II is able to extend the PTT from its water 
control by 1 hour or more, and Compound II is able to 
extend the 50% IPA control PTT by 1 hour. These results 
show that the reagents were able to inhibit the coagulation 
cascade, and therefore could be beneficial for hemocompat- 
ible sjrplicatioas. 

TABLES 



ily be applied. The sheets were suspended vertically, 
immersed into PVOS solution and withdrawn at a steady 
rate. Next, the sheets were air dried until the solvent was no 
bnger visible, often within 1 minute. 

The substrate with the PVOS coat was then suspended 
midway between two staggered Dymax UV curing lamps, 
each outfitted with a Heraeus Q402Z4 bulb. At the distance 
of placement of the lamps, the parts received approximately 
1.5 mW/cm^ in the wavelength range 330-340 nm. The 
3 substrate was rotated at 3 rpm during the two minutes of 
illumination to ensure that the surface was evenly bathed in 
Hght. 

After applying the PVOS precoat to the substrate, 3 coats 
of sulfonate reagent were applied in the same manner. The 
5 coated sheets were then stored at ambient temperature until 
used for platelet attachment and activation assay, and surface 
analysis. 

Two different techniques, staining and ESCA (Electron 
Spectroscopy for Chemical Analysis), were used to evaluate 

J the surfaces of sulfonate-modified polyethylene to confirm 
the presence and uniformity of the coatings. The coated 
materials were stained with Toluidine Blue 0, a positively 
charged, visible-wavelength dye. Samples were immetsed in 
a solution of the dye (0.02% w/v in water) for 30 seconds, 
removed from solution, and rinsed with deionized water. 

' The stained pieces were assessed by visual inspection for 
uniformity and intensity of staining. 

ESCA was used to examine quantitatively the surface 
chemical composition of the modified substrates. Samples 
were analyzed with a Quantum 2000 ESCA system 

^ (Physical Electronics) using monochromatic Al X-rays. Sur- 
vey spectra were collected to calculate the atomic concen- 
trations in the surface. 



SaitiplB (mg/ml) Solvent aot (seoonda) (seconds) 




Surface Modification and Analysis of Low Density 
Polyethylene (PE) with Modified Sulfonate 
Reagents (Compounds I and II) 

The polymer polyethylene was surface-modified with 
both DBDS (Compound I) and DBHQ (Compound II). TTie 
polyethylene substrate was obtained as fiat sheets and used 
as 14 inch diameter discs. The coating solutions were pre- 
pared as follows: DBDS (Compound f) was dissolved at 10 
mg/ml in neat water, and DBHQ (Compound II) was dis- 
solved at 9 mg/ml m 50% (v/v) isopropanol (IPA) and 50% 
(v/v) water. The reagents were applied to polyethylene 
substrates using hand-dipping coating methods. 

Before coating with the sulfonate reagents, polyethylene 
sheets were precoated with 1 coat of PVOS (SurModics, 
Inc., as described above) 5 mg/ml in neat IPA, in order to 
make the hydrophobic nature of the polyethylene surface 
wettable so the sulfonate-containing compounds could eas- 



The surface-modified materials were incubated with 
platelet rich plasma (FRP), observed with a scannipg elec- 
tron microscope and photographed to determine the influ- 
ence of surface chemistry on platelet attachment and acti- 
40 vation. 

Blood was collected fi«sh from human volunteers into 
3.8% (v/v) sodium citrate solution using 9:1 ratio of blood 
to anticoagulant. The blood was centrifiiged at 1200 rpm for 
15 miniates to separate FRP from blood. The FRP was 
45 collected and kept at room temperature until used (less than 
1 hour). 

The test samples (Vi-inch droles) were placed in a fi-well 
plate, 1 sample per well. The FRP solution was added onto 
the top of the samples until the entire surface of the sample 

50 was covered, and the samples were incubated one hour at 
room temperature with no agitation. To quantify the platelet 
solution, a sample of the FRP was taken and dihited 1:100 
with 1% (v/v) Oxalate Ammonium. A capillary tube was 
used to transfer a small amount of solution to a 
hemacytometer, and the sample was incubated in a covered 
petri dish for 30 minutes at room temperature for the 
platelets to settle. 

The platelets were counted under a phase coidiast micro- 
scope and determined to be appioximalely 50-100x10* 
platelets/L. After incubation, the PRP was removed carefully 

™ by aspiration and 3 mis of lyrode's buffer (138-mM NaC^ 
2.9-mM KO, 12-mM sodium bicarbonate, pH 7.4) gently 
added to each welL The plates were agitated slightly on an 
orbital shaker for 15 minutes; the solution was changed and 
the wash repeated. The wash solution was aspirated and 2.0 

SS ml of Kamovsky's fixative (25-mls fiormaUehyde, 5-mIs 
25% glutaraldehyde, 20-mls of a solution of 23% NalliP04- 
H2O, 77% NaHP04 anhydrous) were added to each weU. 
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The fixative was aspirated off and the samples were 
washed 3 times each with pure water, 15 minutes each. The . 
samples were then dehydrated with an ethanol series of 25, ' 
50, 75 & 100%, for 15 minutes each. The samples were kept 
at 4° C. in 100% ethanol until mounted (up to 4 days). 
Samples were mounted and coated with a 100 Angstrom 
sputter coating of Pd/Au and observed using a JEOL 840 
scanning electron microscope. Photos were taken of differ- 
ent areas along the sample at several magnificatioDS to give 
a representative view of each sample. The platelets were 
counted and judged by degree of activation and moiphotogy. 

The restilts of the dye binding suggested that the sur&ce 15 
modification procedures were successful in immobilizing 
the sulfonate reagents on the substrate surface. Compound II 
and Compound I coated surfaces stained dark blue and the 
color was uniform. Uncoated polyethylene did not stain. 

Table 9 shows results of the ESCA (Electron Spectres- 
copy for Chemical Analysis) measurements on the surface of 
uncoated and sulfonate-modified polyethylene. Polyethyl- 
ene in the uncoated state should have an atomic concentra- 
tion of 100% carbon (as ESCA cannot detect hydrogen 
atoms). The modified and unmodified samples could simply 
be compared by detecting sulfur on the surface of modified 
polyethylene due to the sulfonate groups contaiiied in Com- 
pounds I and II. 

TABLE 9 * 




[C] [H] 10] [Na] EK] 



67,39 
71,37 



21,54 
19,16 



TTiere was no presence of sulfur on uncoated polyethylene 
whereas on both Compound I and Compound II there was 
3.41 and 3.49, respectively. Another indication that coating 
was successful is the presence of the appropriate counter- ' 
ions (e.g., sodium or potassium). ESCA results show that 
Compound I has potassium predominantly as a counterion, 
and Compound 11 has sodium predominantly as a counter- 
ion. This is in agreement with what counter-ion should be 
present for each reagent. 



platelet attachment experiments are shown in Tables 10 and 
11. From the SEM photographs, surface densities of bound 
platelets were estimated. 

TTie predominant platelet morphologies were observed 
from the SEM photographs and are summarized in Table 11. 

The lowest platelet densities, other then the FV05 coated 
control, were found on the Compound II modified PE. 
Compound 11 showed few numbers of platelets, which all ' 
had some spreading pseudopodia, but littk or no aggregat- 
ing. Compound I had similar platelet densities to those found 
on the uncoated control; but showed less activation and 
spreading. Platelets that are rounded and had less spreading 
were interpreted to be less activated, whereas the platelets ( 
that showed substantial aggregates and spreading were inter- 
preted to be more activated. 



Sparse = 0-10 plBtelets/cm^ 
light = 10-100 platdels/cm^ 
Medium - 100-lOOD plaldeU/on^ 
Eill = >1000 platelets/cm' 

Beta-Thromboglobulio Assay 
The surface-modified materials were incubated with PRP 
and the plasma was assayed for the Beta-Thromboglobulin 
(p-TG) released from the a-granules due to activation of the 
platelets. Blood was collected fresh from human volunteers 
into 3.8% (v/v) sodium citrate using 9:1 ratio of blood to 
anticoagulant. The blood was centriftiged at 1200 rpm for 15 
minutes to separate PRP from blood. The PRP was collected 
and kept at room temperature until used (less than 1 h). The 
test samples {W-inch clicks) were placed in a 6-well plate, 
1 sample per well. TTie PRP solution was added onto the top 
of the samples until the entire surface of the sample was 
covered, and the samples incubated one hour at room 
temperature with no agitation. Control samples of plasma, 
for initial p-TG levels, were taken prior to incubation. 
After incubation with the samples, prostaglandin 
(Sigma, product no. P5515) was added to each sample and 
the plasma was assayed with an enzyme immunoassay kit 
(Asserachrom American Bioproduct, product no. 0250) for 
the amount of P-TG released. 

The surface modified with Compound I consistently 
showed lower levels of P-TG release than the uncoated and 
PV05 controls. The p-TG release from the alpha granules is 
representative of platelet activation. Therefore, dong with 
the platelet adhesion and activation esiperiments above, this 
indicates that the Compound 1 coating reduced the activation 
of platelets in contact with a polyethylene surface in vitro. 

Although the present iuvention has been described in 
detail, the foregoing description is illustrative of the present 
invention but not considered to be limiting. Numerous 
variations and modifications may be effected without depart- 
ing from the true scope and spirit of the invention, all of 
which are contemplated as falling within the scope of the 
appended claims. 
What is claimed is: 

1. A method of forming a polymer layer on a support 
sur&ce, the method comprising; 

a) piovidii^ a support surface; 

b) applying to the support surface a coating agent com- 
prising two or more photoreactive species and one or 
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more negatively charged groups, the coating agent 
selected from: 

i) a conjugated cyclic diketone having attached thereto, 
either directly or indirectly, one or more substituents 
comprising negatively charged groups, and wherein 
each ketone group of the diketone is adapted to serve 
as a photoreactive moiety capable of being activated 
in order to provide a free radical; and 

ii) a nonpolymeric core molecule having attached 
thereto, either directly or indirectly, one or more 
substituents oompiising negatively charged groups, 
and two or more photoieactlve species, wherein the 
photoreactive species are provided as discrete pho- 
toreactive groups; 

vt^herein the photoreactive species inclutle at least one 
first photoreactive species adapted, when activated in 
the presence of the support surface, to attach the 
coating agent to the surface, and at least one second 
photoreactive species adapted, when activated in the 
presence of free radical polymerizable groups, to 
initiate polymerization of those groups, the second 
photoreactive species being adapted, in the absence 
of such free radical polymerizable groups, to revert 
to a latent reactive state; 

c) illuminating the agent upon ±e support surface under 
conditions suitable to photochemically attach the coat- 
ing agent to the surface by means of the first photore- 
active species, and to allow the second photoreactive 
species to remain unbound to the support surface and to 
revert to their latent reactive state; 

d) providing a plurality of molecules bearing free radical 
polymerizable groups; and 

e) illuminating the molecules bearing polymerizable 
groups in the presence of the coating agent upon the 
support surface under conditions suitable to activate the 
reverted second photoreactive species of the coating 
agent in order to initiate polymerization of the poly- 
merizable groups on the support surface. 

2. The method according to claim 1 wherein the conju- 
gated cyclic diketone is a quinone. 

3. The method according to daim 2 wherein the quinone 
is selected from substituted and unsubstimted benzoquinone, 
camphorquinone, naphthoquinone, and antbraquinone. 

4. The method according to claim 1 wherein the nega- 
tively charged groups are independently selected from salts 
of organic acids. 

5. The method according to claim 4 wherein the organic 
adds are selected from sulfonic acid, carboxylic acid, and 
phosphoric acid. 

6. The method according to claim 1 wherein the noiipoly- 
meric core molecule comprises a cydic group. 

7. The method accoidSng to claim 6 wherein the cyclic 
group is a benzene radical. 

8. The method according to claim 1 wherein the photo- 
reac^e species of (bXii) are independently aryl ketones. 

9. The method according to claim 8 wherein each aryl 
ketone is independently selected from the group consisting 
of acetophenone, benzophenone, anthraquinooe, anthrone, 
and anthrotK-like heterocycles-and their substituted detiva- 

10. The method according to claim 1 wherein the steps of 
illuminating the support surface to photochemically attach 
the coating agent to the surface, providing the polymerizable 
groups, and activating the reverted photoreactive species to 
initiate polymerization are performed simultaneously. 

11. Hie method according to claim 1 wherein the steps of 
iltuminating the support surface to photochemically attach 
the coating agpnt to the surface, pmvidii^ the polymerizable 
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groups, and activating the reverted photoreactive species to 
initiate polymerization are performed sequentially. 

12. The method according to claim 1 comprising the 
coating agent as described in (b)(ii), and farther comprisu3g 

5 one 01 more spacer groups attaching corresponding photo- 
reactive species to the core molecule. 

13. Tbo method according to claim 12 wherein the spacer 
groups each independently comprise a radical of the for- 

1" _o-(ciy,- 

wherein n is a whole number equal to at least one. 

14. The method according to claim 12 wherein the spacer 
groups each independently comprise a radical of the for- 

15 mula: 

wherein m is a whole number equal to at least one. 

15. Amethod according to claim 1 wherein the molecules 
20 bearing polymerizable groups further comprise at least one 

functional group with a high affinity for water. 

16. A method according to claim IS wherein the func- 
tional group with a high ailinily for water comprises an 
electrically neutral hydrophilic group. 

25 17. A method according to claim 15 wherein the func- 
tional group with a high afSnity for water comprises a 
negatively charged group. 

18. A method according to claim IS wherein the func- 
tional group with a high afSnity for water comprises a 

3Q positively charged group. 

19. Amethod according to claim 1 wherein the molecules 
bearing polymerizable groups are selected from the group 
monomeric polymerizable molecules and macromeric poly- 
merizable molecules. 

20. The method according to claim 1 wherein the coating 
agent comprises a compound of the formula: 

Xz— Y— z 



wherein 

comprises a first photoreactive species; 
comprises a second photoreactive species; 
45 Y comprises a nonpolymeric cote molecule; and 
Z comprises at least one charged group. 

21. The naethod according to claim 20 wherein Y com- 
prises a cyclic group. 

22. The method according to claim 21 wherein the cycUc 
SO gioup is a benzene radical. 

23. The method according to claim 20 wherein the pho- 
toreactive species of Xj and are independently aryl 

24. Hie method according to claim 23 wherein each aryl 
jj ketone is independently selected from the group consisting 

of acetophenone, benzophenone, antbraquinone, anthrone, 
and anthrone-Uke heterocycles, and their substituted deriva- 

25. The method according to claim 20 wherein the pho- 
toreactive species comprising and are identical. 

^ 26. nie method accordipg to claim 20 wherein the pho- 
toreactive species comprising X^ and are nonidentical. 

27. The method according to daim 1 wherein the coating 
agent is selected from the group 4,S-bis(4- 
benzoylphenyhnetbyleneoxy)benzene-l,3-disiil£anic acid 

65 salt, 2,5-bis{4-benzoyIphenyhiiethyIeneoxy)benzene-l,4- 
disulfonic acid salt, and 2,5-bis(4- 
benzoylphenylmethyleneoxy)benzene-l-sulfonic add sak. 
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28. A coating system comprising: 

a) a coating agent comprising two or more pholoreactive 
species and one or more negatively charged groups, the 
coating agent selected from: 

i) a conjugated cyclic diketone having attached thereto, 5 
either directly or indirectly, one or more substituents 
comprising negatively charged groups, and wherein 
each ketone group of ±e diketone is able to serve as 

a photoreactive moiety capable of being activated in 
order to provide a free radical; and 

ii) a oonpolsrmeric core molecule having attached 
thereto, either directly or indirectly, one or more 
substituents comprising negatively charged groups, 
and two or more photoreactive species, wherein the 
photoreactive species are provided as discrete pho- 
toreactive groups; 

wherein the photoreactive species include at least one 
first photoreactive species able when activated in the 
presence of the support surface, to attach the coating 
agent to the surface, and at least one second photo- 
reactive species able when activated in the presence ^ 
of free radical polymerizable groups, to initiate poly- 
merization of those groups, the second photoreactive 
species being able in the absence of such free radical 
polymerizable groups, to revert to a latent reactive 
state; and 25 

b) a plurality of molecules bearing free radical polymer- 
izable groups. 

29. A coating agent comprising a nonpolymeric core 
molecule having attached thereto, either directly or 
indirectly, one or more substituents comprising negatively 
charged groups, and two or more photoreactive species, 

wherein the photoreactive species are provided as discrete 
photoreactive groups, and wherein the photoreactive 
species include at least one first photoreactive species 
aijle, when activated in the presence of a support 
surface, to attach the coatit^ agent to a support sur&ce, 
and at least one second photoreactive species able when 
activated in the presence of free radical polymerizable 
groups, to initiate polymerization of those g;tDUpB, the 
second photoreactive species being able in the absence 
of such flee radical polymerizable groups, to revert to 
a latent reactive state. 

30. A coating agpnt comprising a coinpound of the for- 
mula: 



-y-z 



wherein - 
comprises a first photoreactive group; 
comprises a second photoreactive group; 
Y comprises a nonpolymeric core mokcule; and 
Z comprises at least one charged group. , 
31. A method of coating a support surface with a coating 
agent in order to provide latent reactive groups, the method 
comprising: 

a) providii^ a support surface; 

b) applying to the support surface a coating agent com- , 
prising two or more photoreactive species and otie or 
more negatively chimed groups, ttie coating agent 
selected &om: 



i) a conjugated cyclic diketone having attached thereto, 
either directly or indirectly, one or mote substituents 
comprising negatively charged groups, and wherein 
each ketone group of the diketone is able to serve as 
a photoreactive moiety capable of being activated in 
order to provide a free radical; and 

ii) a nonpolymeric core molecule having attached 
thereto, either directly or indirectly, one or more 
substituents comprising negatively charged groups, 
and two or more photoreactive species, wherein the 
photoreactive species are provided as discrete pho- 
toreactive groups; 

wherein the photoreactive species include at least one 
first photoreactive species adapted, when activated in 
the presence of the support surface, to attach the 
coating agent to the surface, and at least one second 
photoreactive species able when activated in the 
presence of &ee radical polymerizable groups, to 
initiate polymerization of those gioups, the second 
photoreactive species being able in the absence of 
such free radical polymerizable groups, to revert to 
a latent reactive state; and 
c) iliuminating the agent upon the support surface under 
conditions suitable to photochemically attach the coat- 
ing agent to the surface by means of the first photore- 
active spedes, and to allow the second photoreactive 
species to remain unbound to the support surface and to 
revert to their latent reactive state. 

32. The method according to claim 31 wherein the coating 
agent provided on the support surface provides the surface 
with antilfarombogenic properties. 

33. A support surface bearing a coating comprising a 
polymer layer attached to the surface by a mating agent, the 
coating agent comprising the residues of two or more 
photoreactive species and one or more negatively charged 
groups, the coating agent selected &om: 

i) a conjugated cyclic diketone having attached thereto, 
either directly or indirectly, one or more substituents 
comprising negatively charged groups, and wherein 
each ketone group of the diketone was able to serve as 
a photoreactive moiety capable of being activated in 
order to provide a free radical; and 

if) a nonpolymeric core molecule having attached thereto, 
either directly or indirectly, one or more subsituents 
comprising negatively charged groups, and the residues 
of two or more photoreactives species, wherein the 
photoreactive species were provided as discrete pholo- 
reactive groups; 

wherein the photoreactive species included at least one 
first photoreactive species able when activaed in the 
presence of the support surface, to attach the coating 
agent to the surface, and a least one second photore- 
active species able when activated in the presence of 
free radical polymerizable groups, to inilate polymer- 
ization of those groups, the second photoreactive spe- 
cies being able in the absence of such free radical 
polymerizable groups, to revert to a latent reactive 
state. 



